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FIG. 1 
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Figure 3a 
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HIGH STABILITY COLOR IMAGING BY 
TRANSFER ROLLER 

TECHNICAL FIELD 

This invention relates to electrophotographic imag 
ing employing registered images on a transfer roller, 
which is used in subtractive color formation. 

BACKGROUND OF THE INVENTION 

Color imaging employing an intermediate transfer 
roller is known. Where such printers may be large and 
con?ned in restricted environments, suitable imaging 
may be obtained. This invention makes possible small 
apparatus with excellent results for use in an of?ce 
environment. 

This invention de?nes a controlled resistivity of an 
intermediate roller operative under conditions which 
give a wide response window to provide stable imaging 
in an of?ce environment. US. Pat. No. 5,187,526 to 
Zaretsky discloses intermediate roller having a de?ned 
resistivity, which resistivity is at most about one-half of 
that of this invention. US. Pat. No. 5,248,560 to Baker 
et a1 discloses an electrophotographic roller with resis 
tivity controlled by a metal chloride ?lled polyure 
thane, while this invention employs different ?ller mate 
rial. 

DISCLOSURE OF THE INVENTION 

In accordance with this invention an intermediate 
transfer roller has resistivity of exceptional stability of 
about 2x109 ohm-cm. The resistivity is obtained by 
cesium iodide as a filler in the polyurethane body of the 
transfer drum. 

BRIEF DESCRIPTION OF THE DRAWING 

The details of this invention will be described in con 
nection with the accompanying drawing in which 
FIG. 1 is an illustrative view of an imaging apparatus 

showing the elements of this invention; 
FIG. 2 is a graph illustrating the range of results 

employed to choose the resistivity of the intermediate 
roller, and 
FIGS. 3a and 3b illustrate the resistivity of cesium 

iodide and copper II chloride ?lled polyurethane sam 
ples. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

General 

A typical liquid-toner color electrophotographic ap 
paratus is shown in FIG. 1. Although this invention is 
disclosed in liquid color electrophotography apparatus 
1, the principles can be applied to systems employing 
dry, or powder, toner, This invention may also be ap 
plied to monochrome process. Likewise, the imaging 
means may be digital (e.g., laser or light emitting diode 
printhead) or analog (as in a photocopy machine). This 
invention may employ a photoconductor 3 or use 
ionography or other means of producing a developed 
electrostatic image. 

Toners of the primary process colors (cyan, magenta, 
yellow and black) are sequentially introduced to a 
charged and laser~imaged, rotatable photoconductor 3 
by means of movable developer stations 20, 2b, 2c and 
2d. As each primary color is developed onto the imaged 
photoconductor 3, it is subsequently transferred to and 
accumulated on an intermediate surface 5, such as a 
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2 
roller or drum, which is large enough to contain the 
entire image. Following accumulation of all four image 
layers on the intermediate drum 5 surface, the image is 
transferred, by means of heat, mechanical pressure and 
/or electrical ?eld to paper or other print media 7. 

In the illustrated process, a heating station 9 heats the 
intermediate surface 5 prior to the point of transfer to 
print media 7. The heat from station 9 converts the 
toned image on drum 5 from discrete particles to coher 
ent ?lm. The heating station 9 is shown illustratively. 
Following conversion of the image on the intermediate 
drum 5 surface, paper 7 is introduced to the drum 5 
surface and pressed into intimate contact with the drum 
5 surface by the action of a movable pressure roller 11, 
which is moderately heated and is pressed against the 
non-image side of the print media 7 with suf?cient force 
to ensure intimate contact between the print media 7 
and the image ?lm on the surface of drum 5 as is con 
ventional, roller 11 is supplied with an electrical poten 
tial of sign and magnitude such that the toner image is 
attracted from the intermediate surface 5 to the paper 7. 

Transfer of the accumulated image to print media 7 
can be accomplished without the use of a heating station 
9, by increasing the temperature of the transfer roller 5 
and the paper to effect conversion of the particulate 
toner to a ?lm at the point of transfer. Generally, how 
ever, the latter approach results in more heat energy 
being transferred to the transfer roller 5, which is disad 
vantageous in the design of a particular machine. An 
excellent implementation of heating station 9, which 
employs an electrically biased contact roller, is de 
scribed and claimed in a patent application ?led on the 
same day this application is ?led and commonly as 
signed with this application entitled “Color Imaging 
With Contact Transfer Heating Station”, by Todd L. 
Janes, Alexander D. Meade, Ashok Murthy, Pramond 
K. Sharma and Peter E. Wallin, which application is 
herein incorporated by reference. 
Once transferred to print media 7, the image is fused 

by means, which may be entirely conventional, not 
shown. 

This invention pertains to the material of the interme 
diate roller 5 or drum and in particular, the properties of 
the roller 5 material necessary to ensure that the transfer 
of toner from the photoconductor 3 to the intermediate 
roller 5 can be accomplished to a degree which is con‘ 
sistent with the production of high quality color prints. 
The requirements of high quality color printing dic 

tate that the transfer of toner from the photoconductor 
3 to the intermediate drum 5 be nearly 100% for each 
layer of toner, regardless of whether the toner is being 
transferred to a drum 5 surface with no toner or to a 
surface which already has one, two or three previously 
transferred toner layers upon it. Transfer of less than 
100% of the toner can result in a noticeable reduction in 
the image quality of color printing. In addition, it is 
necessary that the toner, once transferred to the drum 
surface, not be transferred back to the photoconductor 
3 as subsequent layers of toner are being transferred. 
Generally, these two requirements are met by carefully 
researching the electrical properties which are required 
of the drum material, and designing materials to meet 
the requirements. 

It is well known in the ?eld of electrophotography 
that toner can be transferred between two contacting 
surfaces by constructing the surfaces of somewhat di 
electric materials and supplying the surfaces with elec 
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trical potentials such that an electrical ?eld is created 
and the receiving surface potential is of sign opposite to 
that of the toner, relative to the source surface, and so 
the electrical force acting on the charged toner particles 
is sufficient to overcome the forces holding the toner to 
the source surface. In addition, it is also well known that 
excessive electrical ?eld can result in a degradation of 
the image quality and a loss of transfer. In particular, an 
electrical ?eld exceeding the Paschen threshold in the 
space just prior to the transfer nip will cause ionic spe 
cies of electrical charge opposite to that of the toner to 
be deposited on the toner layer, degrading the ability of 
the toner to be transferred and distorting the image. In 
addition to the electrical properties of a drum material, 
mechanical constraints are imposed. Particularly in the 
case of liquid toner processes, it is necessary that the 
pressure between the photoconductor 3 and the drum 5 
surface be low to avoid degradation of the image, while 
it is also necessary to provide the correct nip length for 
the electrical forces of transfer to be effective. In gen 
eral, these requirements are met by selecting a material 
hardness and thickness appropriate for the application. 

Description of Invention 

As it is necessary in a color process to transfer toner 
from a photoconductor 3 to an intermediate drum 5 
where up to three layers of toner may already be pres 
ent on the surface of the drum, and since each layer of 
toner on the drum 5 surface acts, as a result of the elec 
trical charge on the toner, to reduce the electrical force 
of the transfer ?eld on the toner particles being trans 
ferred, it is necessary to increase the transfer ?eld be 
tween the transfer surface for each layer of toner. This 
is accomplished by increasing the difference in voltage 
between the two surfaces. However, since for a given 
image, it is necessary to transfer toner simultaneously to 
a bare intermediate surface and to the surface 5 already 
carrying up to three layers of toner, the transfer ?eld 
cannot be increased beyond the point where the single 
layer image is damaged either in the pre-nip region by 
Paschen breakdown of the air or in the nip itself by 
exchange of electrical charge between the transfer sur 
face and the toner layer. 

In accordance with this invention, these requirements 
are best met by using an intermediate drum 5 with elec~ 
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trical properties such that a single layer of toner can be ' 
transferred over a wide range of voltages without dam 
aging the image. For a liquid toner process, the transfer 
of toner is typically 100% in the range of voltages de 
scribed, and transfer of less than 100% of the toner is 
judged to be insufficient for high quality color printing 
due to the extremely thin nature of the toner layer. An 
additional process requirement is that the system be 
resistant to transfer of toner back to the photoconductor 
3, with any amount of back-transferred toner judged to 
be excessive. 

In optimizing the described transfer process for a 
process speed of 2 inches per second, and using elasto 
meric drum materials such that the force between the 
photoconductor 3 and the intermediate drum 5 was kept 
reasonably low (about 4 Kg total load) with a nip width 
of l-5 mm (preferably 2-3 mm), a range of drum electri 
cal resistivities was used. It was found that, if the elec 
trical resistivity was low, the size of the voltage win. 
dow effecting 100% transfer of toner was small, and 
that the image, once transferred to the intermediate 
drum 5, would transfer back to the photoconductor on 
subsequent revolutions of drum 5, and that the amount 
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4 
of toner back-transferred would increase as the transfer 
?eld was increased. It was also found that the back 
transfer was not due to Paschen breakdown of air in the 
pre-transfer nip, as the problem could be alleviated 
somewhat by reducing the width of the transfer nip, 
suggesting that the back-transfer was caused by an ex 
change between the toner and the drum surface in the 
transfer nip, resulting in toner with insufficient charge 
to resist the surface forces tending to cause back-trans 
fer. 

If the electrical resistivity of the intermediate drum 
was large, the transfer window was also small, suggest 
ing that, in the limiting case of a too resistive drum, an 
effective transfer ?eld could only be established in the 
transfer nip at drum voltages which cause Paschen 
breakdown of air in the pre transfer nip. Back-transfer 
of toner to the photoconductor did not occur, further 
suggesting that back-transfer is not a result of air break 
down in the pre-transfer nip. 
At intermediate resistivities, the transfer window was 

found to be quite large, and back-transfer to be nonexis 
tent at the designed nip width. In particular, a drum 
resistivity of 2 X 109 ohm-cm to 8 X 109 ohm-cm (for four 
layers transferred) was found to offer transfer window 
size suf?cient to transfer four layers of toner without 
exceeding the ?eld limit for a single layer of toner and 
without creating a condition causing back-transfer of ‘ 
toner to the photoconductor. At resistivities below 
2x109 ohm-cm, the size of the transfer window consis 
tently decreased and back-transfer became increasingly 
apparent. At resistivities above 8X 109 ohm-cm, the size 
of the transfer window also consistently decreased. In 
addition, the required voltages for transfer became quite 
high, exceeding 2 KV and introducing practical consid 
erations, as maintaining a large drum at such voltages 
can be problematic. See FIG. 2. Since practical color 
printing requires only three layers transferred, (black 
toner not being applied over three-color black) the 
range of operative drum resistivity is 8x108 to 8X 109 
ohm-cm, preferably 2 to 5x109 ohm-cm. 

In order to prevent image degradation at the transfer 
nip due to excessive mechanical pressures, it was found 
that elastomer hardnesses on tile periphery of drum 5 
should be of 30 to 60 Shore A. The elastomer coated to 
a thickness of l-3 mm on the periphery of a hollow 
aluminum or steel cylinder produced drums 5 having 
workable nip sizes for the process speed being used, 
with the mechanical load between the two surfaces 4 
Kg or less. As the hardness of the drum was increased, 
the load necessarily increased to maintain the desired 
transfer nip thereby causing image distortion, and a 
squeezing of carrier liquid from the toned image caused 
further gross distortions of the image. Reducing the 
load to a point preventing image distortions caused the 
transfer nip to be small, so that the maximum transfer 
?eld was reduced, and the drum voltage requirement 
increased, resulting in a smaller transfer window similar 
to the case of a high resistivity drum material. The 
surface of drum 5 should preferably be a spray, or dip 
coated, glossy, smooth surface, with an average rough 
ness, Ra, of less than 0.3 microns. 

In general, for given process speed, in order to obtain 
the largest possible transfer windows, it is necessary to 
select nip width and electrical resistivity. For a process 
speed of 2 ips, and for reasonable elastomer hardnesses 
resulting in a transfer nip width of 2-3 mm, the ideal 
drum resistivity is 2-5X 109 ohm-cm. To increase the 
process speed would necessitate either increasing the 
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nip width proportionally to the process speed or de 
creasing the resistivity in the same proportion. Since the 
hardness of the drum elastomer and the force between 
the surfaces can only be varied within a reasonable 
range, the transfer system is best optimized for a given 
process speed by varying the resistivity in a manner 
inversely proportional to the speed of the process. 

Filled Polyurethane Intermediate Drum Surface 

The foregoing is effective for printers and copiers in 
an of?ce environment when the resistivity in that envi 
ronment is exceptionally stable. In liquid toner electro 
photographic processes, properties of surfaces forming 
the image are critical. In particular, the design require 
ments of intermediate drum 5 dictate that it have an 
elastomeric coating of ' excellent wear properties, of 
release properties of the surface compatible with the 
release of toner for hundreds of thousands of impres‘ 
sions, of hardness of the surface which can conform to 
the irregularities of paper, and of electrical properties 
allowing transfer of toner to and from the surface. 
As the electrical properties are typically quite sensi 

tive to temperature and humidity, varying over an order 
of magnitude, it is common to operate the sensitive 
surfaces of such an electrophotographic process at a 
controlled temperature, elevated above room ambient, 
which further limits choices of materials for such an 
application. 
Of the material choices available given the multiple 

restrictions imposed by an electrophotographic process, 
it has been found that some polyurethanes are excellent 
candidates. In particular, they can offer excellent wear 
resistance, consistent surface properties over life, and 
can withstand elevated temperatures for extended peri 
ods of time. In general, however, the electrical resistiv~ 
ity of polyurethanes is too high to be of practical use. 
For the illustrated process, the optimum resistivity has 
been found to be about 2X109 ohm-cm, and polyure 
thane materials are generally of resistivity at least 
1X10l0 ohm-cm at the desired operating temperatures. 
This embodiment employs Vibrathane (trademark) 8011 
polyurethane, a product of Uniroyal Chemical Co., 
Inc., which is a castable, stable and abrasion resistant 
resin. 

A method sometimes used to decrease the resistivity 
of elastomers in general and polyurethanes in particular 
is to add small amounts of various soluble salts prior to 
curing the elastomer. The resulting ionic conduction of 
the elastomer is controlled by the mobility of the ionic 
species. 
By increasing the concentration of a known salt ?ller, 

copper II chloride, in the elastomer, the resistivity is 
found to drop at 50° C. in a manner shown in FIG. 3a. 
Initially, the slope of the resistivity vs. concentration 
curve is quite steep, and as the concentration is in 
creased, the resistivity changes by smaller and smaller 
amounts. In order to produce consistent results, it is 
necessary to find a salt which generates the desired 
elastomer resistivity at salt concentrations greater than 
those on the steep part of the curve. For the salt shown 
in FIG. 30 (copper II chloride), the flat pad of the curve 
produces an electrical resistivity at 50° C. of l><l08 
ohm-cm, undesirably low for use in an electrophoto 
graphic process. 

In accordance with this invention it has been found 
that by using cesium iodide to modify the resistivity of 
Vibrathane 8011 polyurethanes, the curve at 50° C. of 
electrical resistivity vs. cesium iodide concentration is 
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as shown in FIG. 3b. The desired resistivity, 2x109 ohm 
cm, is obtained at a concentration beyond the range 
where the curve is steep using cesium iodide as a resis 
tivity modi?cation agent, so that consistent electrical 
properties in the desired range can be obtained with 
polyurethane materials. For such stability, the cesium 
iodide is of at least about 0.002 parts by weight cesium 
iodide to 100 parts by weight Vibrathane 8011 polyure 
thane. 
Cesium iodide is ionic and therefore material using it 

as a conductive ?ller has a limited life as the ions plate 
out. For a theoretically unlimited life, a conductive 
?ller, speci?cally polyaniline, whose conductivity is 
electronic in nature instead of ionic, may be used. Versi 
con (trademark) polyaniline commercially available 
from Allied Signal Inc. is an example of such a material 
which can be employed instead of the cesium iodide in 
polyurethane. In addition, for the polyaniline the resis 
tivity with increased load changes more gradually and 
there are no “steep” regions to avoid. 

Copolymer Polyurethane and Silicon Intermediate 
Drum Surface 

Currently preferred is an intermediate drum surface 
which is copolymer of polydimethylsiloxane and poly 
urethane as described and claimed in a patent applica 
tion ?led on the same day this application is ?led and 
commonly assigned with this application entitled “Pol 
ymeric Toner Transfer Member Material”, by David D. 
Dreyfuss, Todd L. Janes, Alexander D. Meade, Jeanne 
M. Saldanha-Singh and Peter E. Wallin, which applica 
tion is herein incorporated by reference. 

Speci?c Embodiment 
The foregoing describes a system in which the drum 

elastomer consists of only one layer, with electrical and 
mechanical properties homogeneous throughout the 
layer. 

In a speci?c embodiment, the intermediate transfer 
roller 5 is a hollow steel or aluminum drum having an 
outer layer 13a of a polyurethane, softer than Vibra 
thane 8011, 200 microns thick. This material may be 
Monothane (trademark, product of Synair Corp.) poly 
urethane which, unaltered, has the desired resistivity. 
Immediately under and in contact with outer layer 13a 
is layer 13b, which is the cesium iodide doped Vibra 
thane polyurethane as described in the foregoing in a 
thickness of 2 millimeter. The softer urethane is to pro 
vide compliance with the paper 7 during image transfer 
since paper is rough in relation to the size of the toner 
image and transfer is achieved by compliance with the 
roughness of the paper. 
The drum 5 is 120 millimeters in diameter so as to 

receive a full image. Photoconductor 3 is a roller 40 
millimeters in diameter. It should be noted, however, 
that the factors described above are not limited in appli 
cation to a system employing rollers of the stated diame 
ters, as has been veri?ed by employing a transfer roller 
5 as small as 36 millimeters in diameter. 

Variations within the spirit and scope of this inven 
tion will be apparent or can be anticipated. In particular 
intermediate drum 5 and other endless members may be 
belts rather than rollers. Also, as an alternative to heat 
ing station 9, paper 7 may be heated prior to entering 
the nip of intermediate transfer roller 5 and impression 
roller 11. Drum 5 may have up to about 10% of its resin 
thickness (13a plus 1317) as an outer, second layer 13a as 
described to provide mechanical properties of softness, 
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abrasion resistance or paper release. Where such outer 
layer 130 is very thin, it may be signi?cantly more resis 
tive than the lower layer 13b. 
We claim: 
1. An imaging apparatus comprising an electrically 

chargeable roller, means to tone said chargeable roller 
in the pattern of an image, an intermediate transfer 
roller to accumulate a plurality of said toned images in 
registration by electrostatic transfer from said charge 
able roller, and a transfer station to transfer said accu 
mulated images by pressure from said intermediate 
transfer roller to paper or other substrate, said interme 
diate transfer roller comprising a ?lled resin having a 
stable resistivity of 8 X 108 to 8 X109 ohm-cm at 50° C. 
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2. The imaging apparatus as in claim 1 in which said 

resistivity of said transfer roller is about 2 X 109 ohm-cm. 
3. The imaging apparatus as in claim 1 in which said 

transfer roller comprises polyurethane resin ?lled with 
cesium iodide. 

4. The imaging apparatus as in claim 2 in which said 
?lled resin is cesium iodide ?lled polyurethane. 

5. An intermediate transfer roller for electric transfer 
of toned images from a chargeable roller, said interme 
diate transfer roller comprising polyurethane resin ?lled 
with cesium iodide. 

6. The intermediate transfer roller as in claim 5 in 
which said cesium iodide is in an amount of at least 
about 0.002 parts by weight to 100 parts by weight of 
said polyurethane resin. 

* * * * * 


